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Recommendations

Major Recommendations

Definitions for the strength of the recommendations (strong, conditional) and the quality of evidence
(high, moderate, low, very low) are provided at the end of the "Major Recommendations" field.

Preoperative Measures

Preoperative Bathing
It is good clinical practice for patients to bathe or shower prior to surgery.

The panel suggests that either a plain or antimicrobial soap may be used for this purpose. (Conditional
recommendation, moderate quality of evidence)

The panel decided not to formulate a recommendation on the use of chlorhexidine gluconate (CHG)-
impregnated cloths for the purpose of reducing surgical site infection (SSI) due to the limited and very
low quality evidence.

See Table 4.1.1 in the original guideline document for recommendations on preoperative bathing
according to available guidelines.

Decolonization with Mupirocin Ointment with or without Chlorhexidine Gluconate Body Wash for the
Prevention of Staphylococcus aureus Infection in Nasal Carriers Undergoing Surgery

The panel recommends that patients undergoing cardiothoracic and orthopaedic surgery with known
nasal carriage of Staphylococcus aureus (S. aureus) should receive perioperative intranasal
applications of mupirocin 2% ointment with or without a combination of CHG body wash. (Strong
recommendation, moderate quality of evidence)



The panel suggests considering to treat also patients with known nasal carriage of S. aureus
undergoing other types of surgery with perioperative intranasal applications of mupirocin 2%
ointment with or without a combination of CHG body wash. (Conditional recommendation, moderate
quality of evidence)

See Table 4.2.1 in the original guideline document for recommendations on screening and decolonization
of S. aureus according to available guidelines and bundles.

Screening for Extended-Spectrum Beta-lactamase Colonization and the Impact on Surgical Antibiotic
Prophylaxis

The panel decided not to formulate a recommendation due to the lack of evidence.
Optimal Timing for Preoperative Surgical Antibiotic Prophylaxis

The panel recommends the administration of surgical antibiotic prophylaxis (SAP) prior to the surgical
incision when indicated (depending on the type of operation). (Strong recommendation, low quality of
evidence)

The panel recommends the administration of SAP within 120 minutes before incision, while considering
the half-life of the antibiotic. (Strong recommendation, moderate quality of evidence)

See Table 4.4.1 in the original guideline document for recommendations on SAP according to available
guidelines.

Mechanical Bowel Preparation and the Use of Oral Antibiotics

The panel suggests that preoperative oral antibiotics combined with mechanical bowel preparation
(MBP) should be used to reduce the risk of SSI in adult patients undergoing elective colorectal
surgery. (Conditional recommendation, moderate quality evidence)

The panel recommends that MBP alone (without administration of oral antibiotics) should not be
used for the purpose of reducing SSI in adult patients undergoing elective colorectal surgery. (Strong
recommendation, moderate quality evidence)

See Table 4.5.1 in the original guideline document for recommendations on MBP and the administration of
oral antimicrobials according to available guidelines.

Hair Removal

The panel recommends that in patients undergoing any surgical procedure, hair should either not be
removed or, if absolutely necessary, it should be removed only with a clipper. Shaving is strongly
discouraged at all times, whether preoperatively or in the operating room (OR). (Strong recommendation,
moderate quality of evidence)

See Table 4.6.1 in the original guideline document for recommendations on hair removal according to
available guidelines.

Surgical Site Preparation

The panel recommends alcohol-based antiseptic solutions based on CHG for surgical site skin preparation
in patients undergoing surgical procedures. (Strong recommendation, low to moderate quality of evidence)

See Table 4.7.1 in the original guideline document for recommendations on surgical site skin preparation
according to available guidelines.

Antimicrobial Skin Sealants

The panel suggests that antimicrobial sealants should not be used after surgical site skin preparation for
the purpose of reducing SSI. (Conditional recommendation, very low quality of evidence)

Surgical Hand Preparation



The panel recommends that surgical hand preparation be performed either by scrubbing with a suitable
antimicrobial soap and water or using a suitable alcohol-based handscrub (ABHR) before donning sterile
gloves. (Strong recommendation, moderate quality of evidence)

See Table 4.9.1 in the original guideline document for recommendations on surgical hand preparation
according to available guidelines.

Preoperative and/or Intraoperative Measures
Enhanced Nutritional Support

The panel suggests considering the administration of oral or enteral multiple nutrient-enhanced
nutritional formulas for the purpose of preventing SSI in underweight patients who undergo major surgical
operations. (Conditional recommendation, very low quality of evidence)

Perioperative Discontinuation of Immunosuppressive Agents

The panel suggests not discontinuing immunosuppressive medication prior to surgery for the purpose of
preventing SSI. (Conditional recommendation, very low quality of evidence)

Perioperative Oxygenation

The panel recommends that adult patients undergoing general anaesthesia with endotracheal intubation
for surgical procedures should receive an 80% fraction of inspired oxygen (FiO»y) intraoperatively and, if

feasible, in the immediate postoperative period for 2 to 6 hours to reduce the risk of SSI. (Strong
recommendation, moderate quality of evidence)

See Table 4.12.1 in the original guideline document for recommendations on oxygenation preparation
according to available guidelines.

Maintaining Normal Body Temperature (Normothermia)

The panel suggests the use of warming devices in the operating room and during the surgical procedure
for patient body warming with the purpose of reducing SSI. (Conditional recommendation, moderate
quality of evidence)

See Table 4.13.1 in the original guideline document for recommendations on body temperature control
(normothermia) according to available guidelines.

Use of Protocols for Intensive Perioperative Blood Glucose Control

The panel suggests the use of protocols for intensive perioperative blood glucose control for both diabetic
and non-diabetic adult patients undergoing surgical procedures to reduce the risk of SSI. (Conditional
recommendation, low quality of evidence)

See Table 4.14.1 in the original guideline document for recommendations on perioperative blood glucose
control according to available guidelines.

Maintenance of Adequate Circulating Volume Control/Normovolemia

The panel suggests the use of goal-directed fluid therapy (GDFT) intraoperatively to reduce the risk of
SSI. (Conditional recommendation, low quality of evidence)

See Table 4.15.1 in the original guideline document for recommendations on the maintenance of
normovolemia according to available guidelines.

Drapes and Gowns

The panel suggests that either sterile, disposable, non-woven or sterile, reusable woven drapes and
surgical gowns can be used during surgical operations for the purpose of preventing SSI. (Conditional
recommendation, moderate to very low quality of evidence)



The panel suggests not to use plastic adhesive incise drapes with or without antimicrobial properties
for the purpose of preventing SSI. (Conditional recommendation, low to very low quality of evidence)

Wound Protector Devices

The panel suggests considering the use of wound protector (WP) devices in clean-contaminated,
contaminated and dirty abdominal surgical procedures for the purpose of reducing the rate of SSI.
(Conditional recommendation, very low quality of evidence)

See Table 4.17.1 in the original guideline document for recommendations on the use of wound protector
(WP) devices according to available guidelines.

Incisional Wound Irrigation

The panel considers that there is insufficient evidence to recommend for or against saline irrigation of
incisional wounds before closure for the purpose of preventing SSI.

The panel suggests considering the use of irrigation of the incisional wound with an aqueous povidone-
iodine (PVP-I) solution before closure for the purpose of preventing SSI, particularly in clean and clean-
contaminated wounds.

The panel suggests that antibiotic incisional wound irrigation before closure should not be used for the
purpose of preventing SSI.

(Conditional recommendations, low quality of evidence)

See Table 4.18.1 in the original guideline document for recommendations on wound irrigation according to
available guidelines.

Prophylactic Negative Pressure Wound Therapy

The panel suggests the use of prophylactic negative pressure wound therapy (pNPWT) in adult patients
on primarily closed surgical incisions in high-risk wounds, for the purpose of the prevention of SSI, while
taking resources into account. (Conditional recommendation, low quality of evidence)

Use of Surgical Gloves

The panel decided not to formulate a recommendation due to the lack of evidence to assess whether
double-gloving or changing of gloves during the operation or using specific types of gloves is more
effective in reducing the risk of SSI.

See Table 4.20.1 in the original guideline document for recommendations on gloving according to
available guidelines.

Changing of Surgical Instruments
The panel decided not to formulate a recommendation on this topic due to the lack of evidence.
Antimicrobial-Coated Sutures

The panel suggests the use of triclosan-coated sutures for the purpose of reducing the risk of SSI,
independent of the type of surgery. (Conditional recommendation, moderate quality of evidence)

See Table 4.22.1 in the original guideline document for recommendations on the use of antimicrobial-
coated sutures according to available guidelines.

Laminar Airflow Ventilation Systems in the Context of Operating Room Ventilation

The panel suggests that laminar airflow ventilation systems should not be used to reduce the risk of SSI
for patients undergoing total arthroplasty surgery. (Conditional recommendation, low to very low quality
of evidence)



See Table 4.23.1 in the original guideline document for recommendations on ventilation systems in the
operating room according to available guidelines.

Postoperative Measures

Surgical Antibiotic Prophylaxis Prolongation

The panel recommends against the prolongation of SAP administration after completion of the operation
for the purpose of preventing SSI. (Strong recommendation, moderate quality of evidence)

See Table 4.24.1 in the original guideline document for recommendations on SAP according to available
guidelines.

Advanced Dressings

The panel suggests not using any type of advanced dressing over a standard dressing on primarily closed
surgical wounds for the purpose of preventing SSI. (Conditional recommendation, low quality of evidence)

Antimicrobial Prophylaxis in the Presence of a Drain and Optimal Timing for Wound Drain Removal

The panel suggests that perioperative antibiotic prophylaxis should not be continued to the presence
of a wound drain for the purpose of preventing SSI. (Conditional recommendation, low quality of
evidence)

The panel suggests removing the wound drain when clinically indicated. No evidence was found to
recommend an optimal timing of wound drain removal for the purpose of preventing SSI. (Conditional
recommendation, very low quality of evidence)

Definitions

Grading of Recommendations Assessment, Development and Evaluation (GRADE) Categories of Quality of
Evidence

High: The panel is very confident that the true effect lies close to that of the estimate of the effect.

Moderate: The panel is moderately confident in the effect estimate: the true effect is likely to be close to
the estimate of the effect, but there is a possibility that it is substantially different.

Low: The panel's confidence in the effect estimate is limited: the true effect may be substantially
different from the estimate of the effect.

Very low: The panel has very little confidence in the effect estimate: the true effect is likely to be
substantially different from the estimate of the effect.

Strength of Recommendations

Strong: With strong recommendations, the guideline communicates the message that the desirable
effects of adherence to the recommendation outweigh the undesirable effects. This means that in
most situations the recommendation can be adopted as policy.

Conditional: These are made when there is greater uncertainty about quality of evidence, balance of
benefit versus harms and burdens, values and preferences, and resource use, or if local adaptation
has to account for a greater variety in values and preferences, or when resource use makes the
intervention suitable for some, but not for other locations. This means that there is a need for
substantial debate and involvement of stakeholders before this recommendation can be adopted as

policy.

Clinical Algorithm(s)

None provided



Scope

Disease/Condition(s)

Surgical site infection (SSI)

Guideline Category
Management
Prevention

Risk Assessment

Clinical Specialty
Infectious Diseases
Preventive Medicine

Surgery

Intended Users

Advanced Practice Nurses
Allied Health Personnel
Health Care Providers
Hospitals

Nurses

Pharmacists

Physician Assistants
Physicians

Utilization Management

Guideline Objective(s)

To provide a comprehensive range of evidence-based recommendations for interventions to be applied
during the pre-, intra- and postoperative periods for the prevention of surgical site infection (SSI), while
taking into consideration resource availability and values and preferences

Target Population

Patients of any age undergoing any surgical procedure

Note: There are recommendations that are either not proven for the paediatric population due to lack of evidence or inapplicable.



Interventions and Practices Considered

1. Preoperative measures
e Preoperative bathing
e Decolonization with mupirocin ointment with or without chlorhexidine gluconate body wash for
the prevention of Staphylococcus aureus infection in nasal carriers
e Optimal timing for preoperative surgical antibiotic prophylaxis
e Mechanical bowel preparation with or without oral antibiotics
e Hair removal (not recommended)
e Surgical site preparation (alcohol-based antiseptic solutions versus aqueous solutions)
e Antimicrobial skin sealants (not recommended)
e Surgical hand preparation
2. Preoperative and/or intraoperative measures
e Enhanced nutritional support
e Perioperative discontinuation of immunosuppressive agents (not recommended)
e Perioperative use of an increased fraction of inspired oxygen
e Maintaining normal body temperature (normothermia)
e Use of protocols for intensive perioperative blood glucose control
e Maintenance of adequate circulating volume control/normovolemia
e Use of drapes and gowns
e Wound protector devices
e Incisional wound irrigation
e Prophylactic negative pressure wound therapy
e Antimicrobial-coated sutures
e |Laminar airflow ventilation systems in the context of operating room ventilation
3. Postoperative measures
e Prolongation of surgical antibiotic prophylaxis (recommendation against)
e Advanced dressings (not recommended)
e Antimicrobial prophylaxis in the presence of a drain (not recommended)

Note: The following were considered but no recommendation was made because of lack of evidence: screening for extended-spectrum
beta-lactamase colonization and the impact on antibiotic prophylaxis, use of surgical gloves (double gloving, changing gloves, type of
gloves), changing of surgical instruments, optimal timing for wound drain removal.

Major Outcomes Considered

Surgical site infection (SSI) incidence rates
SSI-attributable mortality

Adverse effects of interventions
Cost-effectiveness

Methodology

Methods Used to Collect/Select the Evidence

Searches of Electronic Databases

Description of Methods Used to Collect/Select the Evidence

Evidence Identification and Retrieval

The Systematic Reviews Expert Group (SREG) retrieved evidence on the effectiveness of interventions for
the prevention of surgical site infection (SSI) from randomized controlled trials (RCTs) and nonrandomized



studies as needed. The Guideline Steering Group provided the SREG with the methodology and a briefing
on the desired output of the systematic reviews and the members of these groups agreed together on the
format and timelines for reporting. Using the assembled list of priority topics, questions and critical
outcomes from the scoping exercise identified by the World Health Organization (WHO) Guideline
Steering Group, the Guideline Development Group (GDG) and the guideline methodologist, the SREG
conducted 27 systematic reviews between December 2013 and October 2015 to provide the supporting
evidence for the development of the recommendations.

To identify relevant studies, systematic searches of various electronic databases were conducted,
including Medline (Ovid), the Excerpta Medica Database, the Cumulative Index to Nursing and Allied
Health Literature, the Cochrane Central Register of Controlled Trials and WHO regional databases. All
studies published after 1 January 1990 were considered. In a few reviews, the GDG and the SREG judged
that relevant studies had been published before 1990 and no time limit was used. Studies in at least
English, French and Spanish were included; some reviews had no language restrictions. A comprehensive
list of search terms was used, including Medical Subject Headings. Criteria for the inclusion and exclusion
of literature (for example, study design, sample size and follow-up duration) for the reviews were based
on the evidence needed and available to answer the specific research questions. Studies from low- and
moderate-income countries (LMICs) and high-income countries were considered. Search strategies and
summaries of evidence for each systematic review are reported in Web Appendices 2-27 (see the
"Availability of Companion Documents" field).

Two independent reviewers screened the titles and abstracts of retrieved references for potentially
relevant studies. The full text of all potentially eligible articles was obtained and then reviewed
independently by two authors based on inclusion criteria. Duplicate studies were excluded.

Refer to Web Appendices 2-27 (see the "Availability of Companion Documents" field) for detailed
information on databases searched and search strategies for each review question.

Number of Source Documents

Please refer to Web Appendices 2-27 (see the "Availability of Companion Documents" field) for the
number of source documents included in the systematic review for each of the guideline questions,
including the number of documents initially retrieved in the literature search and the number of
documents included after removal of duplicates, application of inclusion/exclusion criteria, and quality
appraisal.

Methods Used to Assess the Quality and Strength of the Evidence

Weighting According to a Rating Scheme (Scheme Given)

Rating Scheme for the Strength of the Evidence

Grading of Recommendations Assessment, Development and Evaluation (GRADE) Categories of Quality of

Evidence
High: The panel is very confident that the true effect lies close to that of the estimate of the effect.

Moderate: The panel is moderately confident in the effect estimate: the true effect is likely to be close to
the estimate of the effect, but there is a possibility that it is substantially different.

Low: The panel's confidence in the effect estimate is limited: the true effect may be substantially
different from the estimate of the effect.

Very low: The panel has very little confidence in the effect estimate: the true effect is likely to be
substantially different from the estimate of the effect.



Methods Used to Analyze the Evidence
Meta-Analysis
Review of Published Meta-Analyses

Systematic Review with Evidence Tables

Description of the Methods Used to Analyze the Evidence

Two independent reviewers extracted data in a predefined evidence table and critically appraised the
retrieved studies.

Quality was assessed using the Cochrane Collaboration tool to assess the risk of bias of randomized
controlled studies (RCTs) and the Newcastle-Ottawa Quality assessment Scale for cohort studies. Any
disagreements were resolved through discussion or after consultation with the senior author, when
necessary.

Meta-analyses of available comparisons were performed using Review Manager version 5.3, as
appropriate. Crude estimates were pooled as odds ratios (OR) with 95% confidence intervals (CI) using a
random effects model. The Grading of Recommendations Assessment, Development and Evaluation
(GRADE) methodology was used to assess the quality of the body of retrieved evidence. Based on the
rating of the available evidence, the quality of evidence was graded as "high", "moderate”, "low" or "very
low" (see the "Rating Scheme for the Strength of the Evidence" field).

Refer to Web Appendices 2-27 (see the "Availability of Companion Documents" field) for detailed
information on quality of evidence, evidence tables, and results of meta-analyses for each review
question.

Methods Used to Formulate the Recommendations

Expert Consensus

Description of Methods Used to Formulate the Recommendations

WHO Guideline Development Process

The guidelines were developed following the standard recommendations described in the World Health
Organization (WHO) Handbook for guideline development (see the "Availability of Companion Documents"
field) and according to a scoping proposal approved by the WHO Guidelines Review Committee.

The development of the guidelines involved the formation of four main groups to guide the process, and
their specific roles are described in the following sections.

WHO Guideline Steering Group

The WHO Guideline Steering Group was chaired by the director of the Department of Service Delivery and
Safety (SDS). Participating members were from the SDS Infection Prevention and Control (IPC) team, the
SDS emergency and essential surgical care programme, the Department of Pandemic and Epidemic
Diseases, and the IPC team at the WHO Regional Office of the Americas.

The Group drafted the initial scoping document for the development of the guidelines. In collaboration
with the Guidelines Development Group (GDG), it then identified the primary critical outcomes and priority
topics and formulated the related questions in PICO (Patient, Intervention, Comparison, Outcome)
format. The Group identified systematic review teams, the guideline methodologist, the members of the
GDG and the external reviewers. It supervised also the evidence retrieval and syntheses, organized the



GDG meetings, prepared or reviewed the final guideline document, managed the external reviewers'
comments and the guideline publication and dissemination.

Guidelines Development Group

The WHO Guideline Steering Group identified 20 external experts and stakeholders from the 6 WHO
regions to constitute the GDG. Representation was ensured from various professional and stakeholder
groups, including surgeons, nurses, IPC and infectious disease specialists, researchers and patient
representatives. Geographical representation and gender balance were also considerations when selecting
GDG members. Members provided input for the drafting of the scope of the guidelines, the PICO
questions and participated in the identification of the methodology for the systematic reviews. In
addition, the GDG appraised the evidence that was used to inform the recommendations, advised on the
interpretation of the evidence, formulated the final recommendations based on the draft prepared by the
WHO Steering Group and reviewed and approved the final guideline document.

Systematic Reviews Expert Group

Given the high number of systematic reviews supporting the development of recommendations for the
guidelines, a Systematic Reviews Expert Group (SREG) was created. This group included researchers and
professionals with a high level of expertise in the selected topics and the conduct of systematic reviews.
W hile some of the reviews were conducted by the WHO IPC team, most SREG experts volunteered to
conduct the systematic reviews as an in-kind contribution of their institutions to the development of the
guidelines.

The SREG undertook the systematic reviews and meta-analyses and prepared individual summaries, which
are available as web appendices to the guidelines. It assessed also the quality of the evidence and
prepared the evidence profiles according to the Grading of Recommendations Assessment, Development
and Evaluation (GRADE) methodology.

Some SREG members were also part of the GDG. However, according to the Guideline Review Committee's
instructions and to avoid any intellectual conflict, experts leading the systematic reviews were excluded
from consensus decision-making for the development of recommendations related to the topic they
reviewed, in particular when voting was necessary. As a member of the SREG, the GDG chair was equally
excluded from decision-making on recommendations that were based on systematic reviews conducted by
himself and his team. Furthermore, in sessions where the chair presented the evidence from systematic
reviews conducted by his team, another GDG member was identified to act as the chair.

External Peer Review Group

This group included five technical experts with a high level of knowledge and experience in the fields of
surgery and IPC. The group was geographically balanced to ensure views from both high- and low- and
middle-income countries (LMICs); no member declared a conflict of interest. The group reviewed the final
guideline document to identify any factual errors and commented on technical content and evidence,
clarity of the language, contextual issues and implications for implementation. The group ensured that
the guideline decision-making processes had incorporated contextual values and preferences of potential
users of the recommendations, health care professionals and policy-makers. It was not within the remit
of this group to change the recommendations formulated by the GDG. However, very useful comments
were provided in some cases, which led to modifications of the recommendation text or the explanations
provided within the remarks.

Formulating the Recommendations

The results of the systematic reviews and meta-analyses were presented at four GDG meetings held in
June 2014 and in February, September and November 2015. The evidence profiles and decision-making
tables were reviewed to ensure understanding and agreement on the scoring criteria. According to a
standard GRADE decision-making table proposed by the methodologist, recommendations were
formulated based on the overall quality of the evidence, the balance between benefits and harms, values
and preferences and implications for resource use. These were assessed through discussion among



members of the GDG. The strength of recommendations was rated as either "strong" (the panel was
confident that the benefits of the intervention outweighed the risks) or "conditional" (the panel
considered that the benefits of the intervention probably outweighed the risks) (see the "Rating Scheme
for the Strength of the Recommendations” field). Recommendations were then formulated and the
wording was finalized by consensus. If full consensus could not be achieved, the text was put to the vote
and the recommendation was agreed upon according to the opinion of the majority of GDG members.

In some conditional recommendations, the GDG decided to use the terminology "the panel suggests
considering..." because they considered that it was important to stimulate the user to undertake a
thorough decision-making process and to give more flexibility, especially because these recommendations
involve important remarks about resource implications and feasibility in LMICs. Areas and topics requiring
further research were also identified. After each meeting, the final recommendation tables were circulated
and all GDG members provided written approval and comments, if any.

The systematic reviews targeted patients of any age. In general, these guidelines are valid for both adult
and paediatric patients unless specified in the text of the recommendation or in the remarks. In several
systematic reviews, no study was retrieved on the paediatric population and thus the GDG discussed
whether the recommendations are valid in this population topic by topic. As a result, there are
recommendations that are either inapplicable in the paediatric population or not proven due to lack of
evidence.

The guideline methodologist ensured that the GRADE framework was appropriately applied throughout the
guideline development process. This included a review of the PICO questions and the results of the
systematic reviews and meta-analyses, including participation in re-analyses when appropriate, thus
ensuring their comprehensiveness and quality. The methodologist also reviewed all evidence profiles and
decision-making tables before and after the GDG meetings and provided guidance to the GDG in
formulating the wording and strength of the recommendations.

Rating Scheme for the Strength of the Recommendations

Strength of Recommendations

Strong: With strong recommendations, the guideline communicates the message that the desirable
effects of adherence to the recommendation outweigh the undesirable effects. This means that in
most situations the recommendation can be adopted as policy.

Conditional: These are made when there is greater uncertainty about quality of evidence, balance of
benefit versus harms and burdens, values and preferences, and resource use, or if local adaptation
has to account for a greater variety in values and preferences, or when resource use makes the
intervention suitable for some, but not for other locations. This means that there is a need for
substantial debate and involvement of stakeholders before this recommendation can be adopted as

policy.

Cost Analysis

e A cost-effectiveness study found that preoperative whole-body washing with a chlorhexidine
gluconate (CHG) solution is not a cost-effective intervention for reducing surgical site infection (SSI).
However, it is important to note that this study predominantly consisted of clean surgical procedures
for which the risk of SSI is low. Findings from 2 additional studies suggested that the use of CHG-
impregnated cloths could lead to reducing health care costs, mainly by decreasing the incidence of
SSI.

e The use of mupirocin, including screening for Staphylococcus aureus (S. aureus) ("screen-and-treat"
strategy), was shown to be cost-effective in 2 studies. On average, hospital costs were € 1911 lower
per patient treated with mupirocin and CHG soap (n=210) than the costs of care in the placebo arm
(n=205; € 8602 vs. € 10 513; P=0.01).

e A cost-effectiveness study found that although CHG is more expensive, its effectiveness to reduce



SSI makes it up to 36% more cost-effective than povidone-iodine (PVP-I).

e A Canadian study showed that the standard handscrub-related costs of direct supplies were
evaluated to be around Can$ 6000 per year for 2000 surgical procedures, not including the cost of
cleaning and sterilizing surgical towels. The actual expenses incurred after a full year of handrub use
were Can$ 2531 for an annual saving of approximately Can$ 3500. A dramatic decrease in surgical
towel use (an average of 300 fewer towels per week) added to the savings. Two other studies from
the USA and Cote d'Ivoire showed lower costs with Avagard® and Sterilium® when compared to the
use of antiseptic-impregnated hand brushes and a PVP-I product, respectively.

e Two studies showed lower costs associated with the use of disposable drapes and gowns, whereas a
cost-benefit analysis found costs for sterile disposable drapes and gowns to be relatively higher
compared with reusable ones.

e Two small studies found the use of wound protectors to be cost-effective, while one larger trial did
not.

e Cost-effectiveness analyses found laminar airflow to be more expensive compared to a conventional
ventilation system.

Refer to the "Resource use" sections of the original guideline document for cost discussions for each of
the guideline topics, including recommendations for which cost-effectiveness studies were not available.

Method of Guideline Validation
External Peer Review

Internal Peer Review

Description of Method of Guideline Validation

Draft chapters of the guidelines containing the recommendations were prepared by the World Health
Organization (WHQO) secretariat and circulated to the Guideline Development Group (GDG) members for
final approval and/or comments. Relevant suggested changes were incorporated in a second draft. If GDG
comments involved substantial changes to the recommendation, all members participated in online or
telephone discussions to reach a final agreement on the text. The second draft was then edited and
circulated to the External Peer Review Group and the Guideline Steering Group. The draft document was
further revised to address their comments. Suggested changes to the wording of the recommendations or
modifications to the scope of the document were not considered in most cases. However, in 3 specific
recommendations, most reviewers suggested similar changes and these were considered to be important
by the Guideline Steering Group. In these cases, further discussions were undertaken with the GDG
through teleconferences and consensus was achieved to make slight changes in the text of the
recommendations to meet the reviewers' comments under the guidance of the methodologist.

Evidence Supporting the Recommendations

Type of Evidence Supporting the Recommendations

The type of supporting evidence is identified and graded for each recommendation (see the "Major
Recommendations" field).

The recommendations are supported by 27 systematic reviews.

Benefits/Harms of Implementing the Guideline



Recommendations

Potential Benefits

The overall aim of this guideline is to improve the quality of care and outcome of patients undergoing
surgical procedures through the prevention of surgical site infection (SSI).

Health care-associated infections (HAIs) are acquired by patients when receiving care and are the most
frequent adverse event affecting patient safety worldwide. Recent work by the World Health Organization
(WHOQ) Clean Care is Safer Care programme shows that SSI is the most surveyed and frequent type of HAI
in low- and middle-income countries (LMICs) and affects up to one third of patients who have undergone
a surgical procedure. Although SSI incidence is much lower in high-income countries, it remains the
second most frequent type of HAI in Europe and the United States of America (USA). In some European
countries, it even represents the most frequent type of HAI. Many factors in a patient's journey through
surgery have been identified as contributing to the risk of SSI. The prevention of these infections is
complex and requires the integration of a range of measures before, during and after surgery.

See the "Rationale for the recommendation” and "Summary of the evidence" sections after each
recommendation in the original guideline document for additional information on benefits of specific
interventions.

Potential Harms

e The Guideline Development Group (GDG) identified possible harm associated with the use of
chlorhexidine gluconate (CHG)-containing solutions, although it was stressed that this is a rare
occurrence. Two studies found that CHG solutions may cause skin irritation, delayed reactions, such
as contact dermatitis and photosensitivity, and hypersensitivity reactions in very rare cases, such as
anaphylactic shock. Some of these potential adverse events may be induced also by ingredients of
regular soap, such as fragrances. A concern of the GDG was the possible development of reduced
susceptibility to CHG, particularly when using CHG-impregnated cloths.

e The GDG identified possible harms associated with the use of alcohol-based solutions and it was
highlighted that they should not be used on neonates or be in contact with mucosa or eyes. CHG
solutions must not be allowed to come into contact with the brain, meninges, eye or middle ear. As
alcohol is highly flammable, alcohol-based antiseptic preparations may ignite if used in the presence
of diathermy and they must be allowed to dry by evaporation. Therefore, it is advisable to ensure
that the drapes are not saturated with alcohol or that the alcohol-based solution has not formed a
pool underneath the patient before operating. While possible allergies should be accounted for (for
example, to povidone-iodine), it should be noted that CHG has a potential risk of causing skin
irritation. Operating room (OR) staff should be trained and informed about the potential harms
associated with the solutions used for surgical site preparation.

e The frequency of skin irritation with CHG is concentration-dependent, with products containing 4%
most likely to cause dermatitis when used frequently for antiseptic handwashing. True allergic
reactions to CHG are very uncommon.

e The GDG identified antimicrobial resistance (AMR) as an important possible harm associated with the
use of mupirocin. Potential allergic reactions to mupirocin can also occur.

e The GDG identified possible harms of the intervention of MBP with varying levels of severity. These
include patient discomfort, electrolyte abnormalities and potentially severe dehydration at the time
of anaesthesia and incision. The GDG pointed out that there is an alert issued by the US Food and
Drug Administration highlighting that acute phosphate nephropathy (a type of acute renal failure) is
a rare but serious adverse event associated with oral sodium phosphate bowel cleansing.

e Concerns were also raised with regard to the potential adverse effects of the oral antibiotics used
(for example, high risk of idiosyncratic reaction with erythromycin). A further concern was AMR as a
potential unintended consequence of this intervention. The effectiveness of oral antibiotics may



decrease due to their widespread use, thus triggering the emergence of resistant strains.

e Skin irritation, dryness, dermatitis and some rare allergic reactions are adverse events that can occur
following frequent scrubbing for surgical hand preparation. Although these are less frequent with
alcohol-based handscrubs (ABHRs) and more frequent with iodophors, even well-tolerated ABHRs
containing emollients may cause a transient stinging sensation at any site of broken skin (cuts,
abrasions). Allergic contact dermatitis or contact urticaria syndrome caused by hypersensitivity to
alcohol or to various additives present in some ABHRs are rare occurrences. ABHR preparations with
strong fragrances may be poorly tolerated by a few health care workers with respiratory allergies.

e When inserting a feeding tube solely to administer multiple nutrient-enhanced nutritional formulas
for the purpose of surgical site infection (SSI) prevention, it is important to be aware of the possible
discomfort and harm ranging from mucosal irritation and the development of sinusitis to perforation.
The GDG identified contaminated preparations as a potential harm, especially due to contaminated
water and/or a break in the aseptic technique during preparation. This risk is increased when the
feeding takes place at the patient's home.

e The GDG discussed the possible harms of hyperoxemia, in particular in patients with obstructive lung
disease (for example, chronic obstructive pulmonary disease), such as absorption atelectasis with
exposure to high oxygen tension and the possibility of depressing ventilation drive, particularly in
the postoperative period.

e The GDG identified a potential harm of skin burns, depending on the warming device (possible with
conductive warming mattresses).

e The increased temperature within the work environment may be a concern for surgical staff. Of note,
raising the room temperature is not an option to warm the patient as it causes thermal discomfort
for the surgical staff, with an increased risk of dripping sweat onto the surgical site.

e The GDG emphasized that hypoglycaemia is a possible harm associated with protocols with strict
blood glucose target levels. Hypoglycaemia has a serious risk of life-threatening complications, such
as cardiac events.

e The GDG highlighted that if the material of the disposable and reusable surgical drapes and gowns is
permeable to liquids, it can expose health care workers to body fluids and also represents a risk for
patients. Ideally, the material should be impermeable to prevent the migration of microorganisms.
The GDG remarked that both reusable and disposable drapes and gowns commercially available are
in permeable or impermeable forms. The GDG identified possible harms associated with the use of
disposable drapes in that the adhesive bands of single-use drapes may provoke skin rash or eczema
and devices may be dislodged when removing adhesive drapes after the surgical procedure.

e The GDG identified possible harms associated with the use of wound protector (WP) devices,
particularly in patients with abdominal adhesions. In these cases, the insertion of a WP device may
be difficult and lead to the need to enlarge the incision, to injuries to the small bowel and to the
prolongation of the procedure. A further concern is the limited space to access the surgical field after
insertion of the WP,

e The GDG discussed allergic reactions and metabolic adverse events as potential harms of iodine
uptake. However, clinical signs of iodine toxicity were not reported in the included studies. In the
case of known or presumed allergy to iodine, other products (for example, chlorhexidine) should be
used if incisional wound irrigation is performed. PVP-I must not be allowed to come into contact with
exposed meninges and neural tissues, such as the brain or spinal cord. Based on in vitro studies, the
GDG also raised concerns about the potential toxic effects of PVP-I on fibroblasts, the mesothelium
and the healing of tissue.

e The GDG identified the appearance of blisters or maceration as possible harms associated with the
use of use of negative pressure devices.

e There is limited evidence that triclosan may have negative effects on wound healing or lead to
contact allergy.

See "Remarks" sections after each Recommendation in the original guideline document and Web
Appendices 2-27 (see the "Availability of Companion Documents" field) for additional information on
adverse effects of specific interventions.



Qualifying Statements

Qualifying Statements

e The designations employed and the presentation of the material in this publication do not imply the
expression of any opinion whatsoever on the part of the World Health Organization (WHO)
concerning the legal status of any country, territory, city or area or of its authorities, or concerning
the delimitation of its frontiers or boundaries. Dotted and dashed lines on maps represent
approximate border lines for which there may not yet be full agreement.

e The mention of specific companies or of certain manufacturers' products does not imply that they are
endorsed or recommended by the WHO in preference to others of a similar nature that are not
mentioned. Errors and omissions excepted, the names of proprietary products are distinguished by
initial capital letters.

e All reasonable precautions have been taken by the WHO to verify the information contained in this
publication. However, the published material is being distributed without warranty of any kind, either
expressed or implied. The responsibility for the interpretation and use of the material lies with the
reader. In no event shall the WHO be liable for damages arising from its use.

e The systematic reviews targeted patients of any age. In general, these guidelines are valid for both
adult and paediatric patients unless specified in the text of the recommendation or in the remarks.
In several systematic reviews, no study was retrieved on the paediatric population and thus, the
Guideline Development Group (GDG) discussed whether the recommendations are valid in this
population topic by topic. As a result, there are recommendations that are either inapplicable in the
paediatric population or not proven due to lack of evidence.

Implementation of the Guideline

Description of Implementation Strategy

Dissemination and Implementation of the Guidelines

The overall aim of this guideline is to improve the quality of care and outcome of patients undergoing
surgical procedures through the prevention of surgical sight infection (SSI).

Uptake of the guidelines by all players included in the target audience is essential. In particular, adoption
of the recommendations within national and local infection prevention and control (IPC) and safe surgery
guidelines and policies is a key element. Their translation into practice in surgical services and operating
rooms is the ultimate and most important goal to achieve a reduction of harm due to SSI through the
continuum of the patient's surgical journey. The dissemination and implementation of these guidelines
are crucial steps that should be undertaken by the international community, as well as by national and
local health services.

Guidelines Implementation

The IPC team of the World Health Organization (WHQ) Service Delivery and Safety Department works
with experts and a separate document to accompany the guidelines will be dedicated to strategies for
their implementation. This work is based on a systematic literature review aimed at identifying successful
strategies and protocols for the implementation of SSI prevention measures, included those
recommended by these guidelines.

The team is also considering the results of some key projects that WHO and other partners have led in
the field of safe surgery and SSI prevention over the last years. The results and impact of the
dissemination and adoption of the WHO safe surgery checklist will be evaluated and included in the
implementation strategy document. Furthermore, over the last 3 years, the WHO IPC team and the Johns



Hopkins Armstrong Institute for Patient Safety and Quality (Baltimore, MD) led the implementation of the
Surgical Unit-based Safety Programme in hospitals in the WHO African Region and the USA. This was a
quasi-experimental before/after study implementing a range of SSI prevention measures, together with
infection surveillance, combined with an improvement of the patient safety culture. The quantitative
results have shown a significant reduction of SSI and improvement of the patient safety climate, while
qualitative evaluations have provided insightful lessons learned on barriers and facilitating factors for
implementation. As demonstrated by the Surgical Unit-based Safety Programme and other projects, IPC
guidelines are most successfully implemented when embedded in an enabling environment supportive of
a patient safety culture. Following expert consultation, the results of all these pieces of work will be
included in the implementation strategy document. In addition, a package of more than 20
implementation tools was produced for the Surgical Unit-based Safety Programme. This tool package is in
the process of being revised and updated by WHO and it will be issued as the formal implementation
package accompanying these guidelines. The package will include SSI prevention, as well as patient
safety culture building tools.

Guidelines Dissemination and Evaluation

The recommendations in these guidelines will be disseminated through a broad network of international
technical partners and stakeholders in the field of IPC, surgery and patient safety, including professional
societies and patient organizations. More specifically, the WHO Global Infection Prevention and Control
network and the Global Initiative for Emergency and Essential Surgical Care forum will be targeted. Other
WHO teams working on IPC projects, WHO country and regional offices, ministries of health, WHO
collaborating centres, other United Nations agencies and nongovernmental organizations will be targeted
through specific communications and support and collaboration will be provided for dissemination and
implementation as appropriate. Dissemination will be done also through all facilities participating in the
WHO Save Lives: Clean Your Hands and Safe Surgery Saves Lives global campaigns. Plans are being
developed to conduct pilot implementation in some countries, particularly in the African Region and the
Region of the Americas. All these activities will be supported by specific communication messages and,
importantly, by the implementation strategy document and tool package planned to be issued shortly
after publication of the guidelines.

Dissemination through the scientific literature is considered crucial for the successful uptake and adoption
of the recommendations and WHO and members of the Systematic Reviews Expert Group have already
submitted some papers for publication in peer-reviewed journals.

The WHO IPC team will continue to work with all stakeholders and implementers to identify and assess
the priorities, barriers and facilitators to guideline implementation. The team will support also the efforts
of stakeholders to develop guideline adaptation and implementation strategies tailored to the local
context. The recommendations contained in the present guideline should be adapted into locally
appropriate documents that are able to meet the specific needs of each country and its health service.
Modifications to the recommendations, where necessary, should be limited to conditional
recommendations and justifications for any changes should be made in an explicit and transparent
manner.

To assess and follow-up the implementation of these guidelines, an evaluation framework will be
developed by the WHO IPC team and colleagues from regional offices. This work will also be based on
already available tools from Surgical Unit-based Safety Programme and other IPC projects.

Implementation Tools

Patient Resources
Quick Reference Guides/Physician Guides

Slide Presentation
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